Introduction: This research compares costs, resource utilization, and complications between adherent and nonadherent patients over the 3-year period post initiation on basal insulin therapy. Methods: The study utilized the US-based Truven Health MarketScan Ò Research Databases from 2011 through 2015. Adults aged 18 years or older and identified with type 2 diabetes (T2D) who initiated therapy on basal insulin in 2012 were included. Patients were excluded if they were pregnant, filled their index basal insulin prescription via mail order, or were not continuously insured from 1 year before through 3 years following initiation of treatment with basal insulin. Instrumental variables were used to control for selection bias, and
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Approximately 30 million American adults have diabetes mellitus (diabetes) [1] , which in the Enhanced content To view enhanced content for this article go to https://doi.org/10.6084/m9.figshare.
6026558.
Electronic supplementary material The online version of this article (https://doi.org/10.1007/s13300-018-0421-5) contains supplementary material, which is available to authorized users.
USA is the leading cause of kidney failure, nontrauma related lower-limb amputations, and incident blindness [2] . Diabetes has also been found to be one of the major causes of heart disease, stroke, and death [2] . In 2012, the costs associated with diabetes totaled an estimated $245 billion in the USA, and such costs are forecasted to rise as the population ages [3] . Insulin is one of the suggested treatments for patients with type 2 diabetes (T2D) whose diabetes is not controlled with oral agents alone [4] , although research has shown that over time most patients need multiple therapies to maintain glycemic control [5] . As it is long-acting, basal insulin is used to keep blood glucose level stable [6] . The American Diabetes Association states that basal insulin is the most convenient initial insulin regimen and is usually prescribed in combination with metformin and/or another noninsulin agent [4] .
Previous research among patients with T2D has shown that basal insulin therapy is associated with a decrease in glycated hemoglobin (A1c) and fasting blood glucose as well as with improved treatment satisfaction [7] , and treatment guidelines list basal insulin as the antidiabetic treatment with the highest efficacy [4] . However, physicians often delay initiation of insulin therapy among their patients with T2D [8] . Frequently cited reasons for this delay include patient concerns about the pain associated with blood testing and insulin injections, hypoglycemia, and weight gain associated with the use of insulin [9] . While patients have been reported to prefer simpler injection regimens [10] , previous research has indicated that a large proportion of T2D patients discontinue their basal insulin therapy [11] .
For patients with T2D, reduced adherence to drug therapy, in general, has been associated with poorer patient outcomes. Specifically, reduced adherence has been shown to be associated with increases in hospitalizations and emergency room (ER) visits [12] [13] [14] [15] , higher rates of complications [12, 16] , and greater medical costs [17] . The goal of the present research was to compare costs, resource use, and complications between patients with T2D who were either adherent or nonadherent to basal insulin therapy within 3 years of initiating therapy. As such, the research will add to the body of evidence specifically related to the use of basal insulin and will examine adherence over an extended time horizon.
METHODS
Data covering the period from 1 January 2011 through 21 December 2015 were obtained from the Truven Health MarketScan Ò Research Databases. Both the Commercial Claims and Encounters (CCAE) and Medicare Supplemental and Coordination of Benefits (MDCR) Databases were used in this study. The CCAE database consists of health insurance claims and patient enrollment data from large employers and health plans across the USA. The MDCR dataset represents health services received by employees, dependents, and retirees in the USA with primary or Medicare supplemental coverage. The CCAE and MDCR databases are generally representative of the population in the USA [18] , and these databases provide detailed data on costs, medical resource use, and outcomes for healthcare services performed in both inpatient and outpatient settings. In addition to providing information about inpatient and outpatient services, medical claims are linked to outpatient prescription drug clams and personlevel enrollment information. The data are fully de-identified and compliant with the Health Insurance Portability and Accountability Act (HIPAA). This article does not contain any new studies with human or animal subjects performed by any of the authors.
For entry into this study, patients were required to be identified as having T2D during the calendar year 2012. Such patients were identified if they received more diagnoses for T2D than for type 1 diabetes (T1D) and/or if they received a diagnosis for T2D and filled a prescription for an oral glucose-lowering agent (GLA) other than metformin or a sodium-glucose linked transport 2 inhibitor, since the latter agents may be used in the treatment of T1D [4, 19, 20] . Patients were furthermore required to have filled a prescription for basal insulin in 2012, with the date of the first fill identified as the index date. For each patient, data were included from 1 year before the index date (e.g., the pre-period) through 3 years after the index date (e.g., the post-period). Patients were excluded from the study if they: (1) filled a prescription for basal insulin during the preperiod, (2) were identified as pregnant at any time from the start of the pre-period through the end of the post-period, (3) were less than 18 years old as of the index date, (4) did not have continuous insurance coverage from the start of the pre-period through the end of the post-period, (5) did not have valid demographic data, or (6) received their index basal insulin prescription via mail order. The final sample consisted of 21,363 individuals. Figure 1 illustrates how each of the inclusion and exclusion criteria affected sample size.
The aim of the study was to examine the relationship between patient adherence to basal insulin as a class of therapeutics and outcomes, where adherence was proxied by the proportion of days covered (PDC). PDC was constructed as the percentage of days during the post-period that an individual had a supply of basal insulin, with adjustment for the possibility that insulin may not be used in a method consistent with the days' supply field in a claims database [21] . A patient was considered to be adherent if the PDC reached the 80% threshold, and a patient was considered to be nonadherent if the PDC was \ 80% [12, 15] . One advantage of using PDC as the measure of adherence is that it is used by both the Pharmacy Quality Alliance (PQA) and the Centers for Medicare and Medicaid Services (CMS) as a measure for examining the treatment of patients with diabetes [22, 23] .
The patient outcomes of interest included medical costs, resource utilization, and acute complications. Costs were constructed using gross payments to a provider for a service, where payments were equal to the amount eligible for payment under the medical plan terms after applying rules such as discounts, but before applying coordination of benefits, copayments, and deductibles. All costs were converted to 2015 amounts using the medical component of the consumer price index. Both all-cause and diabetes-related costs were examined, and each of these cost categories was subcategorized to examine acute care (costs associated with hospitalizations or ER visits), outpatient costs, and prescription drug costs. All-cause costs consisted of all medical costs associated with inpatient, outpatient, and prescription drugs, and diabetesrelated costs were constructed as the sum of all costs where (1) there was an accompanying primary or secondary diagnosis of diabetes; (2) there was receipt of a prescription for a GLA or diabetic supplies; or (3) the patient was identified as having hypoglycemia based upon a previously published and validated algorithm [24] .
In addition to examining costs, the analyses also examined medical resource utilization and Fig. 1 Flow diagram of inclusion-exclusion criteria and sample size acute complications. The resource utilization outcomes examined included the probability of a hospitalization, the probability of an ER visit, the number of hospitalizations, the number of ER visits, and hospital length of stay (LOS). As with costs, resource utilization was categorized as either all-cause or diabetes-related. The study also examined the probability of being diagnosed with an acute complication over the 3-year post-period. An acute complication was identified based upon receipt of a primary or secondary diagnosis of hyperglycemia or diabetic coma or identification of hypoglycemia based upon the same algorithm used to identify the condition when constructing disease-specific costs [24] . When examining the relationship between adherence to basal insulin therapy and outcomes, the multivariable analyses controlled for factors that may potentially influence patient outcomes. Given the factors available in the database, the analyses controlled for patient demographic characteristics, general health and comorbidities, type of provider visited, medication use, and A1c tests. Patient demographic characteristics that were measured at the index date consisted of age, sex, region of residence, and insurance plan type. Patient overall general health was measured over the pre-period and assessed using the Charlson comorbidity index (CCI) [25] , while, the Diabetes Complications Severity Index (DCSI) was utilized to proxy the severity of diabetes complications [26] . In addition to these index scores, the models also included pre-period comorbid diagnoses of anxiety, depression, and hyperlipidemia, since these diagnoses have been shown to be common in patients with diabetes or linked to patient nonadherence but were not captured in either of the two index scores [27, 28] . The analyses also controlled for visits to specialists in the pre-period with indicator variables for patient visits to a cardiologist, endocrinologist, ophthalmologist, or nephrologist, and they controlled for the type of basal insulin prescribed at the index date, the number of GLAs, and overall medication use. These factors were captured by an indicator variable if the index prescription was for U-500 basal insulin. As well, indicator variables captured the number of classes of GLAs prescribed in the pre-period and the number of non-GLA medications prescribed in the pre-period. Finally, the analyses controlled for the number of A1c tests the patient received in the pre-period. Consistent with previous research, this measure was used as a proxy for glycemic control [21] , since laboratory results were unavailable in the database.
All multivariable models used the covariates discussed above, while the specific functional form depended upon the dependent variable being examined. In all cases, the estimated outcome was constructed from instrumental variables models, which are designed to allow for the role of unmeasured confounding. The use of retrospective data does not allow for patients to be randomized to treatment, potentially leading to sample selection bias. Instrumental variables are used to adjust for unmeasured confounding and the sample selection bias [29] . Consistent with previous research [30] , the following variables were constructed over the first 30 days of the post-period and used as instruments: (1) the percentage of total payments for basal insulin prescriptions that were paid by coinsurance; and (2) the dollar (US) amount of copayments that were paid for basal insulin prescriptions. It is hypothesized that these variables will directly affect patient adherence while not being directly related to patient outcomes.
General linear models with gamma distribution and log link were used to estimate all costs models except those for acute care. Such general linear models have been shown to account for the skewed nature of cost data and to behave well in the estimation of population means of healthcare costs [31] . Acute care costs were estimated using a two-part model where, in the first part, a binary regression model was used to estimate the probability of having an acute care visit. In the second stage, a general linear model with gamma distribution and log link was used to estimate acute care costs for patients who had at least one acute care visit. The predicted probability of an acute care visit, estimated from the first part of the model, was then multiplied by costs estimates from the second part of the model to obtain unconditional average costs estimates.
Negative binomial models were used to examine the number of hospitalizations, the number of ER visits, and hospital LOS. Logistic models were used to examine the probability of being hospitalized or visiting the ER and the probability of being diagnosed with an acute complication.
Descriptive statistics were examined using Chi-square statistics for categorical variables and Kruskal-Wallis tests for continuous variables. For logistic models the odds ratios (ORs) and 95% confidence intervals (CIs) associated with being adherent (vs. nonadherent) were reported. For all other outcomes, the multivariable analyses were used to predict adjusted mean outcomes. Robust standard errors for each of these adjusted means were used to construct 95% confidence intervals for the adjusted means. Complete results of all multivariable analyses are presented in the supplementary material. All analyses were conducted using the SAS version 9.4 statistical software (SAS Institute, Cary, NC, USA). P values of \ 0.05 were considered, a priori, to be statistically significant. Table 1 presents the descriptive statistics for the 21,363 T2D patients included in the study. The entire cohort's mean age was 57 (standard deviation [SD] 12.67) years, and the majority were male (54.71%). Patients most commonly resided in the South (43.51%) or North Central (27.10%) regions of the USA, and most were covered by preferred provider organizations (56.15%) or had comprehensive insurance (15.02%). On average, patients filled prescriptions for 1.86 (SD 1.25) classes of GLAs in the pre-period and 9.32 (SD 6.30) prescriptions for non-GLA medications over the same period. Almost one-third of patients visited a cardiologist (30.85%), nearly one-quarter of patients visited an ophthalmologist (23.25%), and almost one-fifth visited an endocrinologist (17.27%) in the pre-period.
RESULTS
In addition to characterizing the entire population, Table 1 Figure 2 shows the relation between adherence to basal insulin and 3-year diabetes-related and all-cause medical costs. As shown in Fig. 2a , adherence to insulin therapy was associated with significantly lower diabetes-related outpatient costs ($6319 vs. $6759 [all costs shown in U.S. dollars]; P \ 0.0001) and acute care costs ($8290 vs. $9789; P \ 0.0001), but significantly higher diabetes-related drug costs ($11,898 vs. $10,316; P \ 0.0001). Overall, diabetes-related total costs were significantly lower for adherent patients than for nonadherent patients ($26,488 vs. $26,800; P = 0.0227). All-cause costs generally follow the same pattern. Specifically, despite significantly higher drug costs over the post-period for the adherent patients relative to the nonadherent patients($22,267 vs. $21,030; P \ 0.0001), the adherent cohort had significantly lower outpatient costs ($29,057 vs. $32,042; P \ 0.0001), acute care costs ($22,112 vs. $25,458; P \ 0.0001), and all-cause total costs ($73,687 vs. $78,778; P \ 0.0001).
The associations between adherence and medical resource use are examined in Table 2 Chi-square tests were used to compare differences in categorical variables. Kruskal-Wallis tests were used to compare differences in the distribution of continuous variables. P values of \ 0.05 were considered, to be statistically significant SD Standard deviation, CCI Charlson comorbidity index, DCSI diabetes complications severity index, A1c glycated hemoglobin, GLA glucose-lowering agent a A patient was considered to be adherent if the proportion of days covered (PDC) reached the 80% threshold, and a patient was considered to be nonadherent if the PDC was \ 80%
and Fig. 3 . In general, these results indicate that adherence was associated with significantly better patient outcomes relative to nonadherence. As Fig. 3 illustrates, adherent patients were 29% less likely to have a diabetesrelated hospitalization (OR 0.71; 95% CI 
Odds Ratio and 95% Confidence Interval
Results from logistic regression that controls for patient characteristics, general health, comorbidities, number of A1c tests, visits to specialists, medication use and patient adherence. Odds ratio is for adherent patient compared to non-adherent patients; 95 confidence intervals. Odds ratio represents the odds the event will occur for an adherent patient relative to a non-adherent patient. Adherence defined as PDC ≥ 80%; non-adherence defined as PDC < 80%. ; P \ 0.0001). Diabetes-related hospital LOS, all-cause hospital LOS, and the probability of an acute complication were also significantly lower for patients who were adherent to basal insulin therapy. Specifically, adherence to basal insulin therapy was associated with a 23% reduction in the probability of an acute complication being diagnosed over the post-period (OR 0.77; 95% CI 0.71-0.82).
Two sensitivity analyses were conducted to test the robustness of the results. First, all analyses were re-estimated using the medication possession ratio (MPR) rather than the PDC as the measure of adherence. In contrast to the PDC, the MPR is calculated using the sum of days' supply for all prescriptions in a period of interest. As a result, this measure may overestimate adherence for patients who refill their prescriptions early. Second, PDC was recalculated without the adjustment to account for the fact that the days' supply field filled out by the pharmacist may not be an accurate measure of how insulin is actually used by the patient. The findings were generally not sensitive to these alternative specifications, except that in both of the alternative models there were no statistically significant differences between the diabetes-related total costs of the adherent relative to the nonadherent patients.
DISCUSSION
The findings support a large body of previous research that has revealed a link between GLA adherence in general and improved patient outcomes [12, 13, 15, 30, 32] as well as studies showing an association between persistence with basal insulin therapy and better outcomes [33, 34] . The present investigation furthers this research by focusing on basal insulin therapy over an extended time horizon while controlling for a wide range of factors that may affect patient outcomes. Additionally, this study examined the robustness of results to alternative measures of adherence.
Consistent with previous research [33, 34] , adherence to basal insulin in the present study was associated with higher drug costs but lower acute care costs. Adherence was furthermore associated with lower total costs, a result that is in agreement with those of a number of studies that have looked at GLA adherence in general [17] . The present findings suggest that the increased medication costs associated with improved adherence were offset by decreases in acute care costs. It should be noted that diabetes-related total costs were not statistically significantly different between the two cohorts when alternative measures of adherence were examined.
In concert with earlier literature [12, [35] [36] [37] , the adherent patients in the present study had a significantly lower use of hospital and ER resources relative to the nonadherent patients. This reduction in acute care costs represents potentially large costs savings for payers, given that hospitalization comprised 43% of all direct diabetes spending in the USA in 2012 [3] . Decreased use of acute care due to better adherence also has humanistic benefits, with less hospitalization associated with improved long-term outcomes, increased health-related quality of life [38] , as well as reductions in indirect costs for patients and caregivers [3] . Hospitalization furthermore carries intrinsic health risks, including healthcare-associated infections [39, 40] and medical errors [41, 42] . Thus, spending on drug therapy that is associated with decreased use of acute care may be considered worthwhile in and of itself, let alone when offset by other cost reductions.
Relative to those who were nonadherent, the adherent cohort was significantly less likely to have an acute complication. This finding is consistent with previous research [12, 16] as well as with the finding in this study that adherence was associated with lower acute care costs. Research has also shown that prolonged exposure to hyperglycemia is associated with the development of diabetic complications [43] , and among patients with one or more cardiovascular risk factor, severe hypoglycemia is associated with macrovascular events and cardiovascular mortality [44] . Furthermore, for older patients with T2D, research has found that hypoglycemic episodes accompanied with hospitalization or ER visits are associated with an increased risk of dementia [45] . A lower rate of acute complications over a 3-year time horizon may, therefore, have implications for longer term complications and outcomes.
The present study is similar in design to a previous one which examined adherence to GLAs in general over a 3-year time period [14] . The results are generally consistent between the two studies, although both all-cause and diabetes-related costs are higher in the present study and resource utilization in the post-period was higher. One key difference between the two studies is that this study included patients age 65 years or older, and these patients generally have more comorbidities and higher medical expenses. Furthermore, patients in the present study may have had T2D for a longer duration or more severe T2D, given that basal insulin therapy is not typically prescribed at the initiation of therapy but further along the path of disease progression.
The results of this study must be interpreted within the context of its limitations. First, the use of claims data does not allow for an examination of whether the medication is being taken as prescribed, or even taken at all. This limitation may be especially important when examining the use of insulin, which is more challenging to administer than oral drugs. Also, all patients who stopped taking insulin in the post-period were identified as having reduced adherence, since the reason for discontinuation of therapy is not known. As a result, patients who switched or discontinued therapy due to adverse events were categorized as nonadherent. However, it should be noted that this measurement and terminology are consistent with a wide range of previous research which has examined the association between the use of insulin and patient outcomes [46] [47] [48] [49] .
In addition, the analyses were based upon observational health insurance claims data that described a population of commercially insured T2D patients who may or may not be representative of the majority of Americans with T2D. For example, the population does not include patients who were uninsured or insured via Medicaid or through the Veterans Health Administration. Research has shown that both insurance type and the lack of insurance affect patient adherence [50, 51] . The data also overrepresent patients from the Southern and North Central regions of the USA [52] , although the multivariable analyses controlled for regional differences. The use of diagnostic codes was not as rigorous as formal assessments and may underrepresent certain conditions, such as hypoglycemia. Factors such as A1c, race, duration of diabetes, or socioeconomic class, may be associated with patient outcomes but could not be controlled for as they were not observable in our database. However, the instrumental variables models were used to control for unobservable confounders. Finally, the study focused on statistical significance and was unable to determine whether differences in outcomes represented minimal clinically important changes.
CONCLUSIONS
In conclusion, these analyses showed that patients who adhered to their basal insulin therapy over a 3-year time horizon had significantly lower total costs (diabetes-related and allcause) relative to their nonadherent counterparts, despite having higher drug costs. In this study, basal insulin adherence was furthermore associated with lower diabetes-related and allcause outpatient costs and acute care costs, lower odds of an acute complication, lower odds or a hospitalization or ER visits, fewer hospitalizations and ER visits, and shorter hospital LOS. The findings of this study suggest that for adults with T2D adherence to basal insulin may lead to significant patient benefits while reducing costs for payers.
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